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化合物结合来调控基因的表达过程。线虫 Caenorhabditis elegans 的基因组中总共
包括 284 个核激素受体基因，其中有一些基因与脊椎动物、昆虫中的 NHRs 是同
源物。C.elegans 中很多的 NHRs 是线虫中所特有的，这些基因被称之为补充核
受体，与脊椎动物的 HNF4 受体在起源上是同一个来源，在后生动物进化过程
中有 15 个核激素受体在进化上是保守的。 
本文研究的四个核激素受体分别是 nhr-51、nhr-101、nhr-168 和 nhr-203，运
用 RNAi 的方法发现这四种核激素受体对 C.elegans 野生型虫株 N2 和 daf-16（-）、
daf-2（-）突变体虫株的寿命有一定程度的影响。野生型 N2 和 daf-2（-）突变体
在 nhr-51RNAi 后较对照组相比平均寿命都是缩短，而 daf-16（-）突变体在 nhr-51
干扰后与对照组相比平均寿命延长。野生型 N2 和 daf-16（-）、daf-2（-）突变体
在 nhr-101RNAi 后与对照组相比平均寿命都缩短。野生型 N2 和 daf-2（-）突变
体在 nhr-168RNAi 后平均寿命缩短，daf-16（-）突变体的寿命没有明显改变。
nhr-203RNAi 后三种虫株的寿命变化和 nhr-51RNAi 后的寿命变化结果相同。同
时对 DAF-16::GFP 的分布也有影响，在 nhr-51 和 nhr-203RNAi 后，DAF-16::GFP
在线虫的生殖腺处出现，nhr-101RNAi 后在卵母细胞处出现 DAF-16::GFP。 
为了解 C.elegans 中 NHR-51、NHR-101、NHR-168 和 NHR-203 的功能，我
们对 C.elegans 的 nhr-51、nhr-101、nhr-168 和 nhr-203 基因进行了克隆和表达鉴
定。我们通过 PCR 对四种核激素受体的 cDNA 进行了扩增，获得的 cDNA 片段
大小分别为 1200bp (nhr-51)、1200bp (nhr-101)、1400bp (nhr-168)和 1300bp 
(nhr-203)。进行了四种核激素受体基因的 cDNA 克隆和筛选，获得的阳性质粒进
行了酶切验证和测序。将序列正确的重组质粒酶切后构建了重组表达质粒，并转
化到 BL21（DE3）中利用 IPTG 进行了诱导表达。运用 SDS-PAGE 凝胶电泳对
表达结果进行了分析，发现重组融合蛋白分子量大小分别为 44KDa (NHR-51)、
















C.elegans 不同发育时期的表达情况，发现这四种核激素受体在 C.elegans 成虫和
不同发育时期的胚胎中均有表达。NHR-51 在 C.elegans 体内分布广泛，在成虫
的口、食道、肠道、储精囊处都可以看到 NHR-51 的分布。在幼虫的肠道、生殖
腺和食道球及咽的肌肉附近有 NHR-51 的分布。 在胚胎中 NHR-51 分布于胚胎
后端的细胞中，特别是在正在分裂的细胞的中心体上也有 NHR-51 的分布。
NHR-101 在成虫的神经环、肠道、生殖腺以及皮层细胞中有分布；在幼虫阶段，
NHR-101 分布在肠道、生殖腺和咽部。从胚胎的 2 细胞开始一直到胚胎发育后
期，NHR-101 分布在胚胎细胞质中，在部分胚胎中 NHR-101 分布在细胞核周围
呈花环状。NHR-168 在成虫肠道细胞的细胞质中、储精囊、生殖腺和尾尖处有
分布；在 2 细胞、4 细胞和 8 细胞胚胎中 NHR-168 分布在细胞核周围以及细胞
质中；在多细胞胚胎中 NHR-168 集中分布在后端的一个细胞核的周围，呈花环
状。在幼虫阶段，NHR-168 分布在肠道、生殖腺和咽附近的肌肉上。NHR-203
分布在成虫的肠道细胞和生殖腺中，从 2 细胞胚胎开始 NHR-203 就分布在细胞
质中，并一直持续到胚胎后期。在幼虫阶段，NHR-203 分布在肠道和皮层细胞
处。 
通过 Western Blot 检测发现 NHR-51、NHR-101、NHR-168、NHR-203 与
DAF-16、DAF-2 之间存在一定的相互作用；结合质谱分析技术，我们初步得到
了一些和这四种核受体基因可能存在相互作用的蛋白。 























Nuclear hormone receptors (NHRs) are important regulators of development and 
metabolism in animal species. They are characterized by the ability of regulate gene 
expression in response to the binding of small hydrophobic molecules, hormones, 
metabolites, and xenobiotics. Caenorhabditis elegans genome contains 284 NHRs 
sequences that share homology to vertebrate and insect NHRs. The majority of 
C.elegans NHRs is nematode-specific and referred to as supplementary nuclear 
receptors (supnrs) that are thought to have originated by duplications of an ancient 
homolog of vertebrate HNF4. Among these 284 NHRs genes, there are 15 genes 
conserved among the Metazoa. 
Four nuclear hormone receptors nhr-51、nhr-101、 nhr-168、 nhr-203 were 
studied in this paper. Knock down these genes by RNAi, the lifespan of N2 and 
daf-16(-)、daf-2(-) mutants were affected. The lifespan of N2 was shortened after 
knock down nhr-51 by RNAi, and the same consequence was happened in daf-2(-) by 
nhr-51 RNAi; but the lifespan of daf-16(-) was extended by nhr-51 RNAi. The 
lifespan of N2 and daf-2(-)、daf-16(-) mutants were all shortened by nhr-101 RNAi. 
The lifespan of N2 and daf-2(-) mutant were shortened after knock down nhr-168 by 
RNAi, but the lifespan of daf-16(-) mutant had no significiant change by nhr-168 
RNAi. The same consequence happened in N2, daf-2(-) and daf-16(-) mutants by 
nhr-203 RNAi as these stains by nhr-51 RNAi. At the same time, the four NHRs also 
affected the distribution of DAF-16::GFP in Caenorhabditis elegans, the distribution 
of DAF-16::GFP appeared in gonad by nhr-51 and nhr-203 RNAi, and in oocyte by 
nhr-101 RNAi. 
In order to study the function of NHR-51, NHR-101, NHR-168 and NHR-203, 
the cDNAs encoding NHR-51、NHR-101、NHR-168、NHR-203 were amplified by 
RT-PCR from Caenorhabditis elegans N2 mRNA. The fragments of cDNAs were 
about 1200bp (nhr-51)、1200bp (nhr-101)、1400bp (nhr-168) and 1300bp (nhr-203) 















transformed into E.coli DH5α and cultured on LB plus ampicillin (100µg/ml) plates. 
Colonies containing the recombinants were selected by PCR and the plasmids DNA 
were extracted and digested with enzymes. Plasmids containing the right insert were 
sequenced to confirm their identities, and the right recombinants were digested and 
cloned into the expression vector pET-32M then transformed into E.coli BL21（DE3）
strain. Bacterial lysates from cultures induced by IPTG were loaded onto SDS-PAGE 
gel, and a distinct band of 44KDa (NHR-51)、40KDa (NHR-101)、50KDa (NHR-168) 
and 44KDa(NHR-203) respectively was detected in the SDS-PAGE gel. The 
purification of recombinant proteins and the immunization of mice were undertaken, 
the antibodies were obtained. The expressions of four NHRs were detected by 
immunofluorescence antibody staining. NHR-51 distributed in mouth, esophagus, 
intestine and spermatheca of adult worm, and also in L4 larvae intestine, gonad and 
the pharynx muscle as well as in the posterior end of the embryo, also in the 
centromere of division cell of embryo. NHR-101 distributed in nerve ring, intestine, 
spermatheca and hypoderm cells of adult worm, also in larvae intestine, gonad and 
pharynx as well as in the embryo. During the embryo development, NHR-101 
expressed in the cytoplasm of the cell, some around nuclear liked a ring. NHR-168 
expressed in the adult intestine, spermatheca, gonad and tail, also in the cytoplasm of 
2-cell, 4-cell and 8-cell embryos. In late embryo, NHR-168 expressed in the posterior 
cell of the embryo around nuclear like a ring, also in the larvae stage, NHR-168 was 
detected in intestine, gonad and the pharynx muscle. NHR-203 was detected in the 
intestine and gonad, also in the cytoplasm of 2-cell embryo till to the late embryos. 
NHR-203 also expressed in intestine and hypodermis cells in larvae stage. 
The interaction between four NHRs and DAF-16、DAF-2 were detected using 
Western Blot. Co-Immunoprecipitation combined with MALDI-TOF analysis was 
used to identify the proteins interact with NHR-51,NHR-101, NHR-168 andNHR-203 
respectively in wild type N2 and daf-16(-)、daf-2(-) mutants, the results showed that 
several molecules might interact with four NHRs.  



















































NHRs 都有一个普遍而又典型的结构，包括一个 N-端保守的 DNA 结合域
（DBD）、多变化的 C-端配体结合域（LBD）和转录活性域，这个结构是 NHRs
行使功能的基础[8]。核激素受体的 DBD 域是与特定的 DNA 反应元件（NRE）结
合，作为激活靶基因的启动子，它与一些二聚体有很弱的联系，且决定该核激素
受体在细胞核中的定位。 
DNA 结合域包括两个 C4-锌指结构分别在 N-端和 C-端的延长部分（CTE），
CTE 经常与 DBD 和 LBD 之间的铰链结构（hinge region）结合共同起作用(图 2)，
这两个 DBD 的关键区域在 NRE 结合特定性上起主要作用，其中包括直接的以及
间接的通过结合水中的氢离子起作用；这两个 C4-锌指结构对靶基因的启动子有
特定的 DNA 反应区域。紧接着是配体结合域，一个 NHRs 在 C 端有一个活性螺
旋区域-AF-2，螺旋经过折叠之后重新又回到 LBD 结构中心，这样可以使 NHRs
处在被激活的状态下[9-11]。大部分情况下，核激素受体都会通过 DBD 与同源的
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